M ATERNAL INFLUENCE on fatty acid composition
of soybean oil has been reported (Brim et aI., 1968; Howell eI aI., 1972; Martin et aI., 1983) . Since compleIe maternal influence delays the expression of the embryonic genotype by one generation, these studies have used F, seed means from F, plants to determine hybrid oil composition and F, seed means from individual F 2 plants to observe F, segregation.
Genetic studies showing no maternal influence on specific fatty acids in the oil from mutation derived soybean lines also have been reported (Graef et aI., 1985; Wilcox and Cavins, 1985) . In these studies, crossed seeds on parental plants were analyzed to evaluate hybrid behavior and F, seeds on F, plants were analyzed to obtain F, segregation ratios.
The presence or absence of maternal influences will affect the way pertinent data should be collected and analyzed when studying segregating populations for a given trait. Selection of efficient breeding strategies for improvement of specific traits is also affected by maternal influence. Therefore, our objective was to study the extent of embryonic, maternal, or cytoplasmic control of fatty acid composition of the oil in crosses among six recently identified soybean mutants and the parent, c Century.
MATERIALS AND METHODS
In 1982, the six soybean lines were selected representing extreme types for one or more fatty acids from the M, generation following treatment of Century soybean seeds with ethylmethanesulfonate. A description of the screening process has been reported (Wilcox et ai., 1984) . These lines were selfed and retested in 1983 to ensure stability of the altered fatty acid phenotype. A bulk sample of at least 5 g of seed 644 per line was used to detennine fatty acid composition [g/ (100 g) basis] in 1982 and 1983.
The six mutant lines and Century werc planted in the field in the summer of 1984, in the greenhouse in the winter of 1984 to 1985, and in the field in the summer of 1985. During each season, mutant lines differing in specific fatty acids were reciprocally crossed. At least 10 seeds of each parent and each reciprocal hybrid were harvested at maturity in each season and all seeds were analyzed individually for fatty acid composition. Because there was at least one fatty acid in each cross that showed no maternal influence and was intennediate between parental values, putative hybrids could be verified.
Seeds of the F, generation were obtained from F, plants grown in the field in a randomized complete block design with three replications during the summer of 1985. Thirty F, and 30 reciprocal F, seeds were harvested for each cross within cach replication and analyzed individually for fatty acid composition.
Oil Composition Analysis
Each seed or fragment was crushed with a mortar and pestle and allowed to stand for 15 min. in 2 mL of sodium methoxide. One-half mL of 10% acetic acid solution was added, followed by 2 mL of heptane. The heptane layer was analyzed for methyl ester composition using a Varian model 3700 gas chromatograph (Varian Instrument Group, Palo Alto, CAl equipped with autoinjectors and flame ionization detectors. Glass columns (2m X 2mm) packed with 100/ 200 mesh Gas-chrom Q (Applied Science Laboratories, Waltham, MA), coated with 5% LAC-2R-446 (Cambridge Industries, Cambridge, MA), were used for separation. Analyses were made isothennally at 180"C with the injector at 230"C and the detector at 240"C.
Data Analysis
Parental and reciprocal F, fatty acid mean values were calculated for each cross within each season. Parental and reciprocal cross means were c:ompared for significant differẽ nces within crosses using I-tests and the variability of the means across seasons. Reciprocal F 2 fatty acid means were calculated for each cross within each replication in 1985. The I-tests, using the variability of the means across replications, were used to test for differences between reciprocal F, populations within crosses.
RESULTS AND DISCUSSION
The fatty acid composition for each of the six mutant soybean lines and Century is shown in extremes for palmitic acid (16:0), a fivefold difference for stearic acid (18:0), a 2.5-fold difference for oleic acid (18: 1), a 1.5-fold difference for linoleic acid (18:2), and a threefold difference for linolenic acid (18:3).
In cross CI726 X Cl727, the lack of significant differences in palmitic acid between reciprocally crossed seeds indicated no maternal influence or cytoplasmic inheritance in the F I generation for this trait ( Table  2 ). The hybrid value (11.9) for palmitic acid was significantly lower than the midparent value (12.7) suggesting slight dominance for low palmitic acid percentage in this cross. The reciprocal F, populations were not significantly different for palmitic acid confirming the absence of cytoplasmic inheritance as indicated in the F , generation.
Reciprocal crosses of the mutants CI728 and Cl730 were made to investigate maternal effects on the high stearic acid levels in these genotypes. Hybrid seeds did not differ significantly for levels of stearic acid nor were means of F, populations significantly different.
These findings indicated no maternal influence and no cytoplasmic inheritance for this trait (Table 3) . In all three crosses, the hybrid stearic acid values were significantly lower than the midparent values (7.7 and 6.8) indicating partial dominance for low (normal) stearic acid percentage. Partial dominance for low stearic acid has been reported in crosses of other high stearic soybean mutants, and neither maternal nor cytoplasmic effects were important in the control of stearic acid (Graef et aI., 1985) . Mutant CI729 was used as a parent to evaluate maternal influence upon oleic and linoleic acid content. In three crosses with CI729 the results obtained for oleic acid (Table 4) were essentially the converse of those obtained for linoleic acid (Table 5 ). These data support the previously reported negative correlation between the amounts of these two fatty acids (Brossman and Wilcox, 1984; Hawkins et aI., 1983) .
Differences were evident for both oleic and linoleic acid percentages in reciprocal hybrid seeds ofthe cross CI728 X CI729 (Tables 4 and 5 ). The differences persisted to the F, generation, but were half as great in the F, as in the F" These data are consistent with maternal influence which may have a diminishing effect over successive generations. In contrast, cytoplasmic effects are constant over generations (Jinks, 1964) . Maternal influences on hybrid levels of oleic and linoleic acids have consistently been reported in soybean (Brim et aI., 1968; Howell et aI., 1968; Martin et aI., 1983) . In maize, maternal influence on relative amounts of these fatty acids is present in some crosses but not in others and varies from partial to complete (Jellum, 1966; Poneleit and Alexander, 1965) . In saf- flower, no maternal influence on oleic and linoleic acid levels has been reported (Knowles and Hill, 1964) . The embryonic genotype also influenced both oleic and linoleic acid in all three crosses as indicated by fatty acid levels that were intermediate between those of the maternal parent and midparent values (Tables  4 and 5) .
No maternal influence was present and gene action appeared to be additive in crosses of CI725, the low linolenic acid mutant, with Century and C1730, which both contain higher levels of linolenate (Table 6 ). In the third cross, Cl725 X Cl729, reciprocal hybrids did not differ significantly from each other or from their paternal parents in levels of linolenic acid. This result was consistent in all three seasons and may be connected with the observed maternal influence upon oleic and linoleic acids (precursor molecules) in this same cross. The literature contains conflicting reports on the presence of reciprocal cross differences for linolenic acid in soybeans. Complete maternal influence (Brim et aI., 1968; Martin et aI., 1983) as well as no maternal influence (Wilcox and Cavins, 1985) have been observed in various soybean crosses. Partial maternal influence, attributed to a nuclear-cytoplasmic interaction, has recently been reported for linolenic acid in rapeseed hybrids (Diepenbrock and Wilson, 1987) .
Environmental temperature and in some cases maturity date have been reported to affect unsaturated fatty acid percentages in soybean seed oil . Differences between parents in maturity date could therefore lead to reciprocal cross differences for oleic, linoleic, and linolenic acids. However, all of the mutant parents and F I plants observed for unsaturated fatty acids in this study matured within a I-wk period.
It is apparent that the type of fatty acid as well as the genotypes of the cross are both factors in determining whether reciprocal differences in soybean fatty acid composition will be observed. In our study, no reciprocal differences were seen for the saturated fatty acids, palmitic and stearic, and no maternal influence on these fatty acids has been reported in the literature (Graef et al., 1985; Jellum and Widstrom, 1983) . In contrast, there was a significant maternal influence upon oleic and linoleic acid levels. These different effects are seen clearly within the single cross CI728 X CI729 which exhibited strong reciprocal cross differences for oleic and linoleic acids but no maternal influence upon stearic acid levels in the hybrid.
The use of individual F, seeds from F I plants appears appropriate for investigating the inheritance of altered palmitic, stearic, and linolenic acid percentages in the genotypes used in this study. However, when the maternal parent influenced hybrid fatty acid levels, as with oleic and linoleic acid percentages, neither single F, seeds nor F 3 means from individual F, plants gave a clear representation of the F 2 segregation.
These data demonstrate specific genotype-dependent relationships in the genetic control of fatty acid composition of soybean oil. The data also demonstrate the importance of reciprocal crosses and single seed analyses to determine how levels of fatty acids in soybean oil are inherited. This information will be essential to develop efficient breeding strategies to transfer genes controlling altered fatty acid composition from these mutants to improved soybean cultivars.
